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Intraepithelial neoplastic lesions of the uterine cervix (CIN) represent a multifactorial pathology, where human papillomavirus (HPV) is implicated as the major causative agent in the development of cervical cancer.\[[@ref1]\] Nowadays, it is clearly stated that infection with HPV is necessary for the development of CIN and cervical cancer (CC).\[[@ref2]\] High risk HPV infection is essential but not sufficient for the transformation of epithelial cells.\[[@ref3][@ref4]\] Other exogenous and endogenous factors working together with HPV increase the risk of progression from cervical lesions to CC.\[[@ref5]\] Studies in high grade intraepithelial squamous lesions (HSIL) and CC in HPV positive women have clearly concluded that factors such as multiparity, smoking, prolonged use of oral contraceptives, and herpes simplex 2 virus infection may modulate the risk of progression from HPV infection to HSIL/CC.\[[@ref6]\] In evaluating the cofactors and their role in the development of cervical lesions, there is also a relationship between HPV infection and coinfections with Gardnerella vaginalis, Candida, Chlamydia, and Trichomonas.\[[@ref7]\]

Over 90% of women with cervical cancer are HPV positive.\[[@ref8]\] Persistence of the HPV infection as well as viral DNA insertion in epithelial cells are the main factors leading to high grade dysplasia with the potential of progression to carcinoma *in situ* and invasive cancer.\[[@ref9]\] Coinfections in HPV positive women are thought to interfere in the natural evolution of cellular lesions caused by the virus.\[[@ref10]\]

Another known risk factor in the pathogenesis of cancer is chronic inflammation. According to many recent clinical studies, chronic inflammation is seen as a "promoter" of carcinogenesis by inducing proliferation, recruiting inflammatory cells, increasing the production of ROS leading to DNA damage, and inhibiting DNA reparation.\[[@ref11]\] Cellular inflammatory changes, such as metaplasia during inflammatory cervicitis induced by sexually transmitted diseases (STDs), is thought to make the cervical cells more susceptible to mutations by activating oncogenes, inactivating tumoral suppressors, or both, making cells more sensitive to HPV-induced lesions and the development of CIN.\[[@ref12]\] The objectives of our study are to evaluate the frequency of HPV positivity in a group of 2075 Albanian women who are recommended for the Pap test by the gynecologist, analyze the average age of HPV infected women, the frequency of vaginal coinfections in HPV positive women, and evaluate the relationship between HPV positivity coinfections, metaplasia, and CIN using traditional methods such as Pap test, colposcopy, and histopathology.

Materials and Methods {#sec1-2}
=====================

In our study we included a total of 2075 Albanian woman who were referred to the Morphology Department by the gynecologist for Pap test examination. A detailed history for each patient was included in the file from the gynecologist and was reviewed before the examination. The study was conducted over a 5-year period (March 2008 to February 2013). Data were anonymously treated and the study was performed in compliance with the Helsinki Declaration. The approval of the Ethical Committee was requested and granted.

The material was collected from exo and endocervix according to recent standards and recommendations using an Ayre spatula and was immediately spread into a thin layer on a slide. After fixation with 96% ethanol, the smears were stained using the Papanicolaou technique. The slides were observed using the OPTICA B-600T light microscope at a 20 × 40 magnification.

All women who were menstruating, those who were pregnant, and those who were diagnosed and treated for CIN prior to our examination were excluded from the study. The study was retrospective and was based on the evidence of cervical smears archived together with corresponding answers of each cytopathologic examination. The smears were interpreted using the New Bethesda System 2001. The diagnosis of HPV was based on Schneider criteria (classic koylocytosis) \[[Figure 1](#F1){ref-type="fig"}\] and the presence of 9 non-classical minor criteria.\[[@ref13]\] Diagnosis of CIN was based on the nuclear alterations of the superficial squamous layer. Positivity of *Candida* was based on the typical micellar structure. Positivity of *Gardnerella vaginalis* was based on the identification of "clue cells" and the tiny formations of rods. Positivity of *Trichomonas vaginalis* was based on the protozoan cytological discovery (squamous inflammatory cells named "canonball" with perinuclear halo, reactive nuclear changes, and attachment of pathogenic microorganisms into the squamous cells).

![Photomicrograph of a case showing koilocytes, a sign of HPV infection (Pap, × 400)](JCytol-34-16-g001){#F1}

In the statistical analysis, continuous data was presented as mean and standard deviation. Discrete data was presented as absolute value and percentage. Random relationships between variables were analyzed through binary logistic regression. For every variable, the odds ratio (OD) and credible interval 95% (CI 95%) were presented. Values of *P* ≤ 5% were considered significant. Data analysis was completed using the statistical package, SPSS 19.0 (Statistical Package for Social Sciences).

Results {#sec1-3}
=======

The prevalence of the HPV positivity in our group was 43.9% (CI 95%: 41.1--45.6) (910 out of 2075 cases). Average age of the HPV positive women was 35.48 ± 9.27 years, with a range of 17--80 years old. The frequency of the positivity for HPV in specific age groups (18--25, 25--35, 35--45, 45--55, and over 55 years old) is the highest at the 25--35 age group (43.6%).

Among the group of women included in the study, 687 (33.5%) had positive cytology for *Candida* \[[Table 1](#T1){ref-type="table"}\]. In this group, 397 (57.8%) women had positive cytology for HPV at the same time. There is an important statistical relation between the two (*P* = 0.001).

###### 

Number of cases with positive HPV and other coinfections
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Among all the women included in the study, 207 (9.9%) had positive cytology for *Gardnerella vaginalis*. Among this group, 75 (36.23%) had positive cytology for HPV at the same time.

Among all the women included in the study, 227 (10.9%) had positive cytology for mixed flora. Among this group, 79 (34.8%) had positive cytology for HPV at the same time.

Among all the women included in the study, 30 or 1.4% had positive cytology for *Trichomonas vaginalis*. Among this group, 15 (50%) at the same time had positive cytology for HPV.

In 60.2% of women with positive cytology for HPV, there was at least one coinfection with one of the pathogens mentioned above.

Among our cases of women with positive cytology for HPV, 144 (15.8%) had metaplasia, 173 (19%) had CIN, and 19 (2.1%) had both metaplasia and CIN.

When we examined metaplasia and intraepithelial lesions (CIN) among the group of women included in the study, we noticed that the total number of women with metaplasia was 229 (11.0%) whereas the number of women with CIN was 233 (11.2%).

Among 229 women with metaplasia, 129 (56.3%) \[[Table 2](#T2){ref-type="table"}\] had positive cytology for HPV, and among this group, 73 women (56.6%) were at the same time positive for infections coexisting with HPV.

###### 

The relationship between metaplasia, positive cytology for HPV and coinfections
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In women with positive cytology for HPV and metaplasia, 56.6% also had positive cytology for at least one of the coinfections.

Logistic regression showed that coinfection is an important factor causing metaplasia in the presence of HPV positivity. Coinfection alone does not seem to be an important factor. There is a strong relationship between metaplasia and the cases with positive cytology for HPV, whereas there is no significant relationship between metaplasia and coinfections (*P* = 0.665).

We can conclude that women with positive cytology for HPV had at the same time one of the vaginal coinfections, had 3.8 times more chance of developing metaplasia, compared to those who had no coinfections (OD = 3. 8; CI 95%: 2.75--5.69).

Among the 233 women with CIN1, 173 (74.2%) had positive cytology for HPV, and 82 (47.4%) were positive for one of the coinfections.

There was a strong connection between CIN1 and positivity of HPV, as well as between CIN1 and coinfection. When coinfection was analyzed with HPV positivity, the role of coinfection became weaker. There was no statistical significance between CIN1 and coinfection (*P* = 0.138).

From this analysis, we can see that women with positive cytology for HPV and at the same time positive for coinfections did not have a strong connection with CIN1 (OD = 1.27; CI 95%: 0.67--3.39).

Discussion {#sec1-4}
==========

The cytological examination is important in identifying the cervicovaginal infections. For example, the identification of *Candida*, *Gardnerella*, and especially *Trichomonas vaginalis* is most of the time the responsibility of the cytopathologist. There are studies showing that cytology has a greater accuracy than biopsy.\[[@ref14]\] These sexually transmitted infections have become the object of many studies and research teams all over the world; studies have shown a connection with cervical cancer when they are coexisting with HPV infection.\[[@ref7][@ref9]\] In recent studies, in addition to the Pap smear examination and the age of the female patient, there is significant emphasis in HPV DNA testing. This test, combined with the Pap smear examination, shows a sensitivity of 96--100% in diagnosing CIN or CC. However, the HPV DNA test is not recommended as a primary tool for screening women younger than 30 years old because in most of them the HPV infection self-heals spontaneously in a short time.\[[@ref15][@ref16]\] Based on the fact that cancerous lesions are often related with the persistence of HPV and not just infection with the virus, continuous retesting for HPV DNA is an important step in preventing CC.\[[@ref9]\] HPV DNA testing is recommended for women of all ages when the Pap smear results in ASCUS, and is a good follow-up test for woman with positive colposcopy or cytology.\[[@ref17]\] Despite the high sensitivity and selectivity of HPV DNA testing in combination with cytology, in developing countries, it remains difficult to apply because of the high cost of the examination.\[[@ref18]\] At the same time, we have to realize that the massive screening programs using cervical cytology in many countries have reduced the incidence and mortality of cervical cancer to 43% and 46%, respectively. In countries with low income, where the screening programs using HPV DNA are difficult to apply, there is still much to be done using conventional cytology (Pap smear) in reducing the incidence and mortality of CC.\[[@ref19]\]

In our study, the women examined represented a target group recommended for Pap smear examination after being examined by a gynecologist and were not a random group of women without signs or symptoms. Therefore, the cytological positivity of HPV infection in our study was as high as 43%. In other studies, with screening purposes, the numbers are of course lower, whereas in studies conducted on sexually active females with gynecologic symptoms, the numbers are very high.\[[@ref20]\] Our study confirms a high incidence of HPV infection as the most common STD in many countries with the highest distribution in age groups with an active sexual life. It is estimated that the incidence of new infections in the United States ranges from 1 million to 5.5 million per year, and the prevalence is estimated to be as high as 20 million.\[[@ref21]\]

Discussing the distribution of HPV positivity in different age groups, it is interesting to notice that in our country there is a similar age group distribution with the countries of Eastern Europe. This is different from the distribution in other parts of the world where the dominant age group is under 25 years old.\[[@ref16]\] The prevalence of HPV infection is very low in women over 60 whereas the incidence of high grade cervical lesions increases with age.\[[@ref22]\] In countries of Eastern Europe, as in our study, we find a higher number of positive women in the age group of 25--30 years old.\[[@ref23]\] This is the age where preventive efforts and policies should be focused to reduce the incidence of CC.

Our other objective in this study was to examine the relation between HPV positivity and vaginal coinfections and their role in the pathogenesis of CC. We know that the intraepithelial neoplastic lesions of the uterine cervix are multifactorial in their pathogenesis.\[[@ref24]\] We also know that HPV is the primary etiologic agent leading to malign transformation of the epithelial cells. Yet, the manner in which the latent infection progresses to CC remains unknown. Carcinogenesis remains a complex and gradual process where the intervention of other factors is necessary to create the mutation leading to the formation of the malign cell clone undergoing rapid proliferation. The hypothesis that HPV is necessary but not sufficient in developing the CC is considered statistically correct.

There are several studies, especially in developing countries, suggesting a clear and statistically significant relationship between the HPV positivity and vaginal coinfections such as bacterial vaginosis, *Candida albicans*, *Chlamydia*, *Trichomonas vaginalis*, etc., At the center of carcinogenesis remains the infection with high risk types of HPV (16 and 18), the persistence of the viral infection and the insertion of the viral DNA in the epithelial cells.\[[@ref2]\] In a molecular level, the mechanism leading to cervical cancer from HPV infection is connected with the viral proteins E6 and E7.\[[@ref25]\] Coinfections with HPV are thought to intervene in the natural history of the HPV infection as well as in the development of the lesions caused by the virus itself.\[[@ref26]\]

Among the women who tested positive for HPV, 36.23% had positive cytology for bacterial vaginosis, 57.78% had positive cytology for *Candida albicans*, 50% had positive cytology for *Trichomonas vaginalis*, and 34.80% had positive cytology for mixed flora \[[Table 1](#T1){ref-type="table"}\].

According to our results, there is also a strong connection between the positivity of HPV and CIN 1 as well as between CIN 1 and coinfection. When the coinfection is analyzed together with the positivity of HPV, the role of coinfection is diminished (there is no statistically significant connection between CIN 1 and coinfection) (*P* = 0.138).

This important result shows that these sexually transmitted infections could help HPV infected cells to develop CIN. A study from Scandinavia showed that bacterial vaginosis increased 3.57% of the incidence of CIN whereas another study showed that CIN 1 was found in 5% of the study population without coinfection and only 1.4% in the group without coinfection.\[[@ref27]\]

Bacterial vaginosis is associated with a reduction in the vaginal fluid and the blocking of the leukocyte protease inhibitor (SLPI). Another hypothesis in the relation of bacterial vaginosis with the process of carcinogenesis is the release of lytic enzymes from the bacteria leading to the loss of the mucous layer protecting the vagina. This leads to microabrasions of the epithelia, increasing the virulence and adhesiveness of HPV, thus promoting the integration of the viral genome in the epithelia of the transformation zone.\[[@ref28]\]

It is also seen that the incidence of CIN increases from the coinfection with *Trichomonas vaginalis*, which can be very difficult to identify by using only cytological methods.\[[@ref14]\] Vaginitis from *Trichomonas* infects 3--5 million women in USA with a prevalence of 3% in those of the reproductive age.\[[@ref28]\] In another massive screening among a group of Dutch women and a group of migrant women in Holland related to the prevalence of *Gardnerella vaginalis*, *Trichomonas*, and Candida, there was an increased risk of squamous abnormalities in the presence of the high levels of *Gardnerella* and *Trichomonas* in the migrant women.\[[@ref29]\]

In our study, we have also aimed at evaluating metaplasia, which is a direct consequence of the inflammation caused by the coinfection of HPV with the other vaginal infections. In our study metaplasia, including the atypical type, was found in 11% of the cases (229 women) while CIN 1 in 11.5% of the cases (233 women) \[[Table 2](#T2){ref-type="table"}\]. From all the cases with metaplasia, more than half had cytological positivity for HPV (56.3%) and 56% of them tested positive at the same time for coinfection. By statistical analysis, we found that infection with HPV is a major factor leading to metaplasia, which is a fertile terrain for cervical cancer. We also found that the vaginal coinfections have an important role in the development of metaplasia. According to the logistic regression, we noted that women with HPV and coinfection have a 3.8 times higher chance of having metaplasia compared to the ones with only HPV infection.

Related to CIN, the cases with positive cytology for HPV and CIN1 are 173 (74.2%), which shows an important relationship between HPV infection and CIN. When it comes to coinfections, we see that 82 women out of 173 have at the same time CIN, HPV and vaginal coinfection. Using logistical regression, we find a direct connection between coinfection and CIN, but there is no statistically significant connection between HPV with coinfections in the development of CIN.

After the statistical analysis, we can see that coinfection is an important factor leading to metaplasia in the presence of HPV and that the vaginal infection alone is not an important factor leading to metaplasia. According to this analysis, women with a positive cytology for HPV and vaginal bacterial infection \[Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}\] at the same time have a 3.8 times more chance of developing metaplasia compared to those who do not have these coinfections.

![Photomicrograph from a case showing atypical immature squamous metaplasia in a woman with HPV infection. Cells showing large hyperchromatic nuclei (Pap, × 400)](JCytol-34-16-g004){#F2}

![Photomicrograph showing cellular alterations caused by HPV infection. Immature squamous metaplasia (Pap, × 400)](JCytol-34-16-g005){#F3}

Conclusion {#sec1-5}
==========

Considering the limited possibilities at our disposal in order to examine the type of HPV through genetic testing, we conclude that the use of cervical cytology (Pap smear) is the best method for massive screening of the population in identifying the precancerous lesions and almost completely preventing cervical cancer. The success achieved using this method in many developed countries before the discovery of the HPV DNA testing or HPV vaccine, is a major argument leading to the conclusion that the correct use and application of the Pap test could totally prevent the cervical cancer in our society.\[[@ref19]\]
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